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The results of tests for cancer-producing activity carried out with numerous compounds, mostly polycyclic aromatic hydrocarbons, have been described in four earlier communications (Cook, Hieger, Kennaway and Mayneord 1932; Cook 1932; Barry, Cook, Haslewood, Hewett, Hieger and Kennaway 1935; Bachmann, Cook, Dansi, de Worms, Haslewood, Hewett and Robinson 1937) . The test procedure employed consisted chiefly in the production of epitheliomas by application to the skin of mice of dilute solutions of the compound in benzene or other solvent. Some of the active compounds w.ere also injected, dissolved in a fatty medium, into the subcutaneous tissues of mice or rats, and were found to give transplantable tumours having the character of sarcomas. This type of technique, introduced by Burrows, Hieger and Kennaway (1932) , has been much extended by Shear (1936 Shear ( , 1938 Shear ( , 1939 Fieser, Fieser, Hershberg, Newman, Seligman and Shear 1937) who has adopted as a standard test procedure the implantation of the compound, either in the crystalline state or in cholesterol pellets, into the subcutaneous tissues of mice. In general there was good correspondence between the orders of carcinogenic potencies of compounds which were assayed both by application to the skin and by injection. However, comparison of the activities of simple homologues of 1:2-benzanthracene revealed th a t 10-methyl-1:2-benzanthracene showed much greater carcinogenic potency in tests carried out by Shear by im plantation than when the compound was applied to the skin in this Institute. Conversely, 9:10-dimethyl-1:2-benzanthracene, which produced tumours in a surprisingly short time on application to the skin of mice (Bachmann, Kennaway and Kennaway 1938) , was found by Shear (1938) to give tumours much more slowly and in a smaller proportion of the mice when tested by his technique. This lower activity in producing sarcomas has been confirmed with the mice used in this Institute, the hydrocarbon being injected in solution in sesame oil. Hence, in tests for carcinogenic activity carried out with a new series of compounds now reported, in a large proportion of cases the compound was tested by application to the skin of mice, usually in 0-3% solution in benzene, and also by injection sub cutem, usually in sesame oil (usual dose 2-5 or 5 mg. in 0*2 c.c. of oil); the injection was repeated at intervals of three to five weeks according to the rate of disappearance of the quantity given previously. The results have shown again th a t some com pounds are more effective in producing epitheliomas than sarcomas, while with other compounds the reverse is true.
For the most p art the compounds dealt with are related to the known groups of carcinogenic hydrocarbons, and detailed discussion of the results summarized in tables 1-6 is unnecessary. Methods used for the synthesis of the compounds have been described in a number of papers published in the Journal of the Chemical Society (Badger, Cook, Goulden, Hewett, Robinson and de Worms 1937-40) . New data with compounds specifically synthesized for biological test have enabled further generalizations to be made regarding the influence of changes in molecular structure on carcino genic activity, and additional emphasis is given to the conclusion th a t certain types of molecular structure are inherently associated with carcino genic properties. I t is of considerable interest th a t some of the active compounds are derivatives of the hydrocarbons in which substituent groups contain nitrogen or oxygen, a fact which has also been elucidated in the results reported by Shear (1938 Shear ( , 1939 with compounds synthesized by Fieser and his collaborators. Such findings may ultimately be of importance in explaining the role of compounds in the process of carcino genesis.
C o m p o u n d s d e r i v e d f r o m 1 :2 -b e n z a n t h r a c e n e (t a b l e s 1 a n d 2 )
Although the parent hydrocarbon 1:2-benzanthracene has very little carcinogenic activity it may be regarded as a potential carcinogen, and
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1:2-B enzanthracene.
Extensive tests have now been made with the monomethyl derivatives of 1:2-benzanthracene, all of the twelve possible isomerides having been synthesized and examined. The only compounds in this series which have given tumours in a large proportion of the mice, both by application to the skin and by injection, are the 5-, 9-, and 10-methylbenzanthracenes. Other methylbenzanthracenes (substituents a t positions 3, 4, 6, 7, 8, 4') have given occasional skin tumours. Two of the compounds in question (3-and 7-methylbenzanthracenes) had been reported as inactive in earlier tests, but have now given a few epithelial tumours in experiments of longer duration carried out with larger numbers of mice. These two compounds are, however, very effective in producing sarcomas by subcutaneous injection. 7-Methyl-1:2-benzanthracene gave sarcomas in four out of twenty mice, and 3-methyl-1:2-benzanthracene in ten out of tw enty mice. The remaining three methylbenzanthracenes (substituents a t positions T, 2' and 3') have not given tumours.
The experiments of Haddow and Robinson (1937, 1939) on the correla tion between growth-inhibitory action and carcinogenic activity of poly cyclic compounds had shown th a t the 3-and 7-methyl derivatives of 1:2-benzanthracene were anomalous inasmuch as they produced strong inhibition of growth, although our earlier tests had not given tumours when the compounds were applied to the skin of mice. The experiments now reported on the marked sarcoma-producing power of these two hydro carbons remove this discrepancy. Similar considerations apply in the case of ' acenaphthanthracene '; this hydrocarbon, which also gave negative results in earlier tests for carcinogenic action, showed marked inhibition of tumour growth. In more extensive tests the compound has given ten tumours (five epitheliomas and five papillomas) on application to the skin of fifty mice, and has also given sarcomas in six out of ten mice into which it was injected subcutaneously. Several of the benzanthracene derivatives dealt with in the present communication have also been tested by Shear (1938, For the most part the samples used by him were prepared by different synthetic methods from those by which our own specimens were obtained, and he used pure strain mice whereas we have used stock mice for the most part. There is very good agreement between the results obtained in the two laboratories. The pronounced carcinogenic activity of the 5-, 9-, and 10-methylbenzanthracenes indicated th a t it would be of interest to determine the influence of other alkyl groups in these positions, and we have taken up this question in the case of the 5-substituted compounds. Tests have shown th a t epithelial tumours are produced in mice with the 5-ethyl-, 5-w-propyl-, 5-w-butyl-, 5-w-amyl-, 5-w-hexyl-, 5-isopropyl-, and 5-phenylderivatives of 1:2-benzanthracene. Tumours were not obtained with 5-n-heptyl-1:2 -benzanthracene which is still under test by application to the skin.* I t is evident from these results th a t substitution at position 5 of the benzanthracene molecule gives pre-eminently a favourable structure for carcinogenic activity. Sarcomas have been obtained with 5-isopropyl-1:2-benzanthracene in three out of ten mice, whereas the 5-w-butyl, 5-w-amyl and 5-w-heptyl compounds have not given tumours by this method. A series of 10-alkyl derivatives of 1:2-benzanthracene has been synthesised by Fieser and Hershberg (1937) , but results of biological tests have not yet been reported. However, the complete inactivity of 10-isopropyl-1 :2-benzanthracene (Barry et al. 1935) suggests th a t the carcino genic activity of 10-methyl-1:2-benzanthracene is much more susceptible to changes in molecular structure than is th a t of 5-methyl-1:2-benzan thracene.
The production of cancer pure hydrocarbons 447 5-S ubstituted benzanthracenes. 9:10-D im ethyl-1:2-benzanthracene.
Until recently the most rapidly acting carcinogenic compound was 20-methylcholanthrene, which gives in mice epithelial tumours which appear some 75 days after the beginning of application. A much more rapidly acting compound was found in 9:10-dimethyl-1:2-benzanthracene which gave tumours in less than half this time (Bachmann al. 1938) . Homologues of 9:10-dimethyl-l:2-benzanthracene have been synthesized and tested and also show a high order of activity in the production of skin tumours. Like 9:10-dimethyl-l:2-benzanthracene they are less effective in producing sarcomas. Skin tumours were obtained after a short induction period with 5:9:10-, and 6:9:10-trimethylbenzanthracenes. W ith some of the earlier compounds tested in this Institute it was found th a t the optimum concentration for application to the skin was about 0-3%. In the case of 5:9:10-trimethylbenzanthracene this concentration was found much less effective than 0-06%, a circumstance which is perhaps associated with the high potency of this compound. Tumours were obtained less readily with 9:10-diethyl-1:2-benzanthracene, which gave only non-malignant tumours of the skin; 5:6:9:10-tetram ethyl-l:2-benzanthracene, although active in the production of skin tumours, was markedly slower in action than the trim ethyl compounds.
Subcutaneous injections were made of the 9:10-peroxide formed by atmospheric oxidation of 9:10-dimethyl-1:2-benzanthracene in the presence of light. On account of the instability of the compound and the necessity for preparing new specimens for each injection the treatm ent was not maintained over a long period. Tumours were not obtained, and it seems unlikely th a t such a peroxide is an intermediate product when the hydro carbon acts as a carcinogenic agent. However, the 9:10-oxide of 9:10-dim ethyl-1:2-benzanthracene gave skin tumours in eight out of twenty mice.
Fieser and his collaborators have reported the production of sarcomas by subcutaneous injection in mice of several benzanthracene derivatives containing substituents such as hydroxy, methoxy, carbomethoxy, amino and cyano. For instance, Shear obtained tumours with 10-hydroxymethyl-1:2-benzanthracene (reported by Fieser and Hershberg 1938) . In our hands also this compound proved very efficacious in producing sarcomas (tumours were obtained in all ten of the injected mice), and it also gave epitheliomas in seven out of ten mice to which it was applied in acetone. Skin tumours were also obtained with the acetate and (less readily) the ethyl ether of this carbinol; the latter derivative gave no sarcomas, the former gave sarcomas in eight out of ten mice.
The effect of substitution in the 9-and 10-positions of 1:2-benzanthracene requires further investigation. Thus the 10-amino and 10-cyano derivatives have given a t the time of writing no tumours of the skin of stock mice in 275 and 387 days, although both have given sarcomas in shorter times; while the 9-methyl-10-cyano-compound gave (in C3H mice) two papillomas and six epitheliomas in 180 days (table 1). The part played here by the strain of mice cannot yet be sta te d ; the C3H mice are known to produce sarcomas rapidly (Andervont 1938) and ten of these mice receiving injec tions of the 9-methyl-10-cyano-compound have given seven sarcomas in 169 days, but their capacity to produce epitheliomas has not yet been compared with th a t of stock mice. Oxygen derivatives of the highly carcinogenic 9:10-dimethyl-l:2-benzanthracene have also given tumours. 9:10-Bishydroxymethyl-l^-benz anthracene and its diacetate both gave sarcomas. The latter compound, when tested by application to the skin, gave one non-malignant tumour. The production of skin tumours by oxygen derivatives of 10-methyl -1:2-benzanthracene is of considerable interest, and it is also noteworthy th a t epitheliomas were obtained with 20-methylcholanthren-15-one, a compound shown by Shear (1939) to give tumours at the site of injection. Our sample of this ketone was isolated from the products of oxidation of methylcholanthrene with chromic acid in cold acetic acid. I t was sublimed in a high vacuum and repeatedly crystallized from benzene, and had m.p. 256-257°. (Found: C, 89-1; H, 5-0. Calc, for C21H 140 : C, 89*1; H, 5-0 %.) (Compare Fieser and Hershberg 1938.) In P art II I reference was made to the production of two epitheliomas in ten mice by application of 9:10-dihydro-l:2:5:6-dibenzanthracene. I t was subsequently found th a t the sample used was heavily contaminated with 1:2:5:6-dibenzanthracene. A new experiment carried out with the pure dihydride has given only two papillomas. (Vollmann, Becker, Corell and Streeck 1937) has given no tumours of the skin in tw enty mice in 748 days and no sarcomas in 182 days (one mouse still alive in each series).
3(N)-4-Pyridinopyrene
C o m p o u n d s r e l a t e d t o 3:4-b e n z p h e n a n t h r e n e (table 3) The production of epitheliomas after a prolonged latent period by 3:4-benzphenanthrene and the much greater activity of its 2-methyl derivative have been described already (Parts I I I and IV), and further attention has been devoted to compounds having similar types of molecular structure. As in the benzanthracene series an endeavour has been made to survey the field by examining all of the possible monomethyl derivatives and also preparing a series of higher homologues with selected positions of substitution. In addition, tests have been carried out with three newly synthesized pentacyclic hydrocarbons built up of benzene rings, all three being related to 3:4-benzphenanthrene. These compounds are 1:2:3:4-dibenzphenanthrene, l:2:5:6-dibenzphenanthrene, and l:2-(l':2'-naphtha)-anthracene. The last named compound is also related to 1:2-benzanthracene.
In many cases tests have been in progress for a short time only so th a t a final discussion of the results cannot be attem pted.
J. W. Cook, E. L. Kennaway et al.
1:2:5:6-D ibenzphenanthrene.
l:2-( l ': 2'-N aphtha)*anthracene.
The 3:4-benzphenanthrene molecule is more symmetrical than th a t of 1:2-benzanthracene and only six monomethyl derivatives are possible. With the exception of the 5-methyl compound these have all been synthesised. All five monomethyl benzphenanthrenes have shown indications of carcino genic activity when applied to the skin of mice, although with the 6-methyl compound only one papilloma in tw enty mice was obtained. When tested by subcutaneous injection only the 2-methyl and the 6-methyl compounds showed slight activity, the remaining three compounds giving no tumours. On the whole, the results suggest th a t the group of 3:4-benzphenanthrene derivatives is more active in producing epitheliomas than in producing sarcomas.*
The marked activity of 2-methyl-3:4-benzphenanthrene is shown also by the 2-isopropyl compound which gave fourteen tumours (six epitheliomas and eight papillomas) in a series of tw enty mice. Tests are in progress with the 2-ethyl and 2-/i-propyl compounds and also with 1-isopropyl-3:4-benzphenanthrene. I t is noteworthy th a t the carcinogenic activity of the parent hydrocarbon, 3:4-benzphenanthrene, has been confirmed with a specimen prepared by a completely different synthetic method from th a t originally used.
The results suggest th a t position 2 of the benzphenanthrene molecule is the position of substitution most favourable for carcinogenic activity and th at position 6 is unfavourable. This is borne out by tests of the pentacyclic hydrocarbons. 1:2:3:4-Dibenzphenanthrene (additional ring attached at positions 1 and 2) has proved very efficacious in producing both epitheliomas and sarcomas; l:2:5:6-dibenzphenanthrene (additional ring at positions 7 and 8) showed much less activity by both test procedures; 1:2-(1':2'-naphtha)-anthracene (additional ring a t positions 6 and 7) gave no skin tumours in an experiment with ten mice lasting for 544 days. Contraction of one of the benzene rings of the 3:4-benzphenanthrene molecule appears to destroy the carcinogenic activity, for no tumours were obtained in a painting experiment with 3:4 -cydopentenophenanthrene.
The production of cancer pure hydrocarbons 451 3:4-cycfoPentenophenanthrene. 1:2-D im ethylchrysene.
In view of the relationships established in the benzanthracene series where from the standpoint of carcinogenic activity two methyl groups cancer by pure hydrocarbons 453 seem to be equivalent to a benzene ring attached a t the same positions, it would be of interest to examine the three compounds in which the outer benzene rings of the molecule of l:2:3:4-dibenzphenanthrene are successively replaced by pairs of methyl groups. These three compounds are (а) l:2-dimethyl-3:4-benzphenanthrene, which has not yet been synthesized; (б) l:2-dimethyltriphenylene which has been synthesized by Fieser and Joshel (1939) , and is presumably under test; (c) l:2-dimethylchrysene which has given seven tumours (six epitheliomas and one papilloma) when applied to a series of tw enty mice. This is the first simple derivative of chrysene shown to have pronounced carcinogenic activity in the pure state.
Oth e r com pounds (tables 4-6)
The tables include references to compounds other than simple deriva tives of 1:2-benzanthracene and 3:4-benzphenanthrene, and for the most p art these do not call for special comment. In some cases preliminary reports of tests were given in previous communications. I t will be noted th a t tumours have not been obtained with any of the dihydrodibenzacridine derivatives. Two dibenzacridines, shown already to produce skin tumours (Barry et al. 1935 ), have now been tested by subcutaneous injection, when l:2:5:6-dibenzacridine proved more effective than 3:4:5:6-dibenzacridine, which gave two sarcomas in ten mice. When applied to the skin the 3:4:5:6-compound seemed rather more active than the 1:2:5:6-compound. The production of tumours of the skin in mice with l:2:5:6-dibenzfluorene has been described already (two papillomas and six epitheliomas in forty mice in 472 days (Bachmann et al. 1937) ). This hydrocarbon gave negative results when injected sub cutem and this was also the case with l:2:3:4-dibenzfluorene and l:2:7:8-dibenzfluorene. However, both the 1:2:3:4-and the l:2:7:8-dibenzfluorenes gave tumours when applied to Thus these fluorene derivatives as well as the compounds related to 3:4-benzphenanthrene seem much more effective in producing epithelioma than in producing sarcoma.
Remarkable results, which may have far reaching implications, were obtained in tests carried out by subcutaneous injection of deoxycholic acid in sesame oil. Preliminary results have already been described (Cook, Kennaway and Kennaway 1940) . This acid, which is present in combined form in bile, gave four sarcomas in ten stock mice after a prolonged latent period. In new experiments carried out with C3H mice, sarcomas were obtained in no less than seven out of ten mice in 207 days, and one of these tumours was carried on by grafting until the 4th generation, when no further grafting was attem pted. There appears thus to be no doubt th a t under certain conditions this compound, which is of normal occurrence in the body, is able to induce malignant tumours.
s-Triphenylbenzene and tetraphenylm ethane have produced no tumours either when applied to the skin or injected sub cutem and this seems to * The com pound d en o ted as l:2:7:8-dibenzfluorene is th e hydrocarbon, m .p. 234°, ob tain ed b y d eh y d ratio n of d i-a-n ap h th y lcarb inol w ith phosphoric acid as described by T schitschibabin a n d M agidson (1914) . The co n stitu tio n assigned to this h y d ro carbon is in d o u b t, how ever, for th e red ketone, m .p. 269-270°, obtained by its oxidation should be identical w ith th e 'picy len k eto n ', m .p. 185-5°, obtained by * B am berger an d C h attaw ay (1895) b y degradation of picene. In view of this dis crepancy, one of us (R. H . M.) is investigating th e stru ctu re of the carcinogenic ' 1:2:7:8 -dibenzfluorene5. be the experience of others who have tested the original statem ent th a t these two compounds are carcinogenic.* The production of cancer by pure hydrocarbons 459
Mu l t ip l e tum ours
Multiple tumours in animals under treatm ent with carcinogenic com pounds offer an attractive field for investigation. I t is very desirable th at the frequency of the spontaneous occurrence of some forms of these tumours in control animals should be established, so th a t the question of their value as evidence of carcinogenic action may be settled. Thus Schabad (1939) has used the occurrence of such tumours (sebaceous adenoma, adenoma of lung, carcinoma of lung and of liver, squamous carcinoma of mamma) as additional evidence of the carcinogenic action of a sarcoma-producing extract of a human liverf and of extracts of human bile, on the ground th a t such tumours occurred much less frequently, or not at all, in 553 control mice. At present, data, on the frequency of spontaneous tumours in various pure lines of mice are available only in the case of the mammary gland, lung, and, to some extent, the liver. The multiple tumours met with in experimental work may be classified as follows.
(1) Multiple epithelial tumours over the region of skin to which the compound has been applied These are produced especially by certain substituted 1:2-benzanthracenes, namely the 9:10-dimethyl-, 5:9:10-trimethyl- (Bachmann et al. 1938) , 6:9:10-trimetliyl-and 5:6:9:10-tetramethyl compounds. The 5-w-butyl-and 5-w-amyl-compounds tend to produce multiple malignant and nonmalignant tumours of diverse histological types (see table 1).
(2) Widespread tumours of a single type, showing no special relation to the site of application of the compound For instance, a mouse which had received l:2:5:6-dibenzacridine with the food during 627 days showed two epitheliomas of the skin (neck, and shoulder), epithelioma and papilloma of the stomach, numerous epithelio mas of both kidneys which had not definitely the appearance of metastases, * I t is u n fo rtu n ate th a t th e sta te m e n t th a t these substances are carcinogenic has now become established in th e literatu re (Ewing 1940, p. 133). and an epithelioma, and several small adenomata, of the lung. Hence there were a t the very least three prim ary epitheliomas.
Another mouse of the same series bore on the 442nd day about sixty small tumours scattered all over the skin; those which were examined microscopically showed the structure of cystic sebaceous adenoma. This mouse had also a squamous papilloma of the stomach and an adenoma of the lung, and hence comes within the following category also. Multiple papillomas of the skin occur also in mice receiving 6-methyl-and 7-methyl -3:4-benzphenanthrene (see table 3).
(3) Tumours of several different tissues and organs
For instance, a mouse (4339) which had received injections sub cutem of 2-methyl-3:4-benzphenanthrene showed a t autopsy after 354 days a spindle-celled tum our a t the site of injection, an epithelioma of the skin elsewhere, three papillomas of the stomach, and some cholangiomatous growth in the liver. Another (4173) which had received the same treatm ent during 248 days bore a spindle-celled sarcoma a t the site of injection, a sebaceous adenoma on the chin, three small areas of cholangioma in the liver, multiple adenom ata in the lungs, and two squamous papillomas in the stomach. Other instances of multiple tumours, in mice receiving l:2:3:4-dibenzphenanthrene by injection or feeding, are given in table 3.
A d e n o m a o f t h e l u n g The lungs were examined carefully with the naked eye, and every por tion showing any suggestion of adenoma was excised for microscopic exam ination; if no such portion were found, or if the sections cut showed no adenoma, the case was recorded as negative.* The examination of the whole of both lungs by serial sections would have been impossible in view of the number of animals coming to autopsy.
The lungs of 1150 mice were treated in this way, and the results, shown in tables 7 and 8, and figures 1 and 2, indicate
(1) T hat only very few adenomas occur in the first 100 days of these experim ents; for this reason, and in order to correct for the large number of mice examined during this period after treatm ent with the very active compounds 9:10-dimethyl-and 5:9.T0-trimethyl-l:2-benzanthracene, the results are summarized for the two later periods, namely, from 100 to 300 days, and from 300 days onwards.
(2) The proportion of lungs showing adenoma is lowest in the series treated with derivatives of 1:2-benzanthracene (11 %, or 12% if the large number exposed to the 9:10-dimethyl-and 5:9:10-trimethyl-derivatives be omitted) and highest (35%) in the series receiving the 3:4-benzphenanthrenes substituted in the 1-and 2-positions, while intermediate proportions are found in the series receiving acridines (33%), the 6-, 7-, and 8-substituted 3:4-benzphenanthrenes (25%), l:2-dimethylchrysene (26%) and the fluorenes (30%). It is noteworthy th a t a similar contrast between the two groups of 3:4-benzphenanthrenes appears when proliferation of the bile-ducts is under observation; this change was found in 25% of livers exposed to Vol. 129. B. 31 the 1-, 2-group and in 4% of those exposed to the 6-, 7-, 8-group (Cook, Hewett, E. L. and N. M. Kennaway 1940) . However, the 6-, 7-, 8-compounds, although they do not produce a great number of lung adenomas of the ordinary type in the first 400 days, do induce later on a remarkable number of adenomas of unusual size, and this feature does not seem to be explained by the longer life of these mice (figure 1). The great majority of adenomas of the lung in mice lie within fairly well-defined limits of size, and one can draw a useful, though of course arbitrary, distinction between these and others of larger size. The l:2:5:6-dibenzphenanthrene appears to be especially active in producing these large adenomas. Of the 1:2-benzanthracenes, the 5-w-butyl-, 5-n-amyl-and 5-n-hexyl-group appears to be the most active (22% positive which is about twice the incidence in the whole 1:2-benzanthracene group) but the numbers upon which this comparison is based are of course very small.
In the five series of mice receiving the four azonaphthalenes and 2:2'-diam ino-l:l,-dinaphthyl, the lungs of 264 mice were examined (table 8) and epithelial tumours were found in twenty-four (adenoma in nineteen, large adenoma in four, epithelioma in one) and all but one of these were in the group of less than one-half of these mice (123 out of 264) coming to autopsy after the 300th day; hence any action which these compounds may have in inducing such tumours is a slow one. The lowest incidence of these tumours was in the group receiving 1:1'-azonaphthalene (two in thirty-tw o mice).
These observations upon lung adenomas make no claim to be of more than a preliminary character; they were made upon small numbers of stock mice in which the normal incidence of these tumours a t different ages is not known. Hence one does not know to w hat extent the increase in the frequency of lung adenomas as the experiments proceed, which is obvious in the full tables of data, is due to advancing age, or to the prolonged action of the compound. We hope th a t this investigation will be extended by workers who have the opportunity to apply these com pounds to larger numbers of mice of various pure lines.
T umours of t h e l iv e r Another part of this investigation, concerned with tumours of the liver and especially with the action of the azonaphthalenes, appears elsewhere . Here only incidental reference is made to these results, which were derived from the examination of 1004 livers from mice exposed to, in all, eighty-four compounds. 
J. W. Cook, E. L. Kennaway ah
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Here only papillomas and epitheliomas of the squamous-celled portion of the stomach are considered; the numbers are of course too small to do more than provide suggestions for further work. The percentage of stomachs examined which showed these squamous-celled tumours is stated in table 9 (see also figures 1 and 2). The substituted 1:2-benzanthracenes and fluorenes, and the 6-, 7-, 8-substituted 3:4-benzphenanthrenes, are associated with a low yield (2-3-3*2%) of tumours, which may perhaps be the spontaneous incidence in the stock mice used. A much higher proportion (14-3%) accompanies the admini stration of the 1-and 2-substituted 3:4-benzphenanthrenes; hence the difference between the two groups of 3:4-benzphenanthrenes is here in the same direction as th a t found in the case of adenomas of the lung, and proliferation of the bile ducts.
The data are insufficient in number to show which method of administra tion is the most active in producing tumours of the stomach, but the results given by the 1-and 2-substituted 3:4-benzphenanthrenes (figure 1) do not suggest th a t introduction by the m outh is always especially effectual. The series in which l:2:5:6-dibenzacridine was given by the mouth (figure 2) showed stomach tumours in five out of twelve mice, but no comparison can be made because complete autopsies were not carried out when the earlier series (application to the skin, injection sub cutem, table 4) were under observation. Many of the results brought forward here are to be regarded as preliminary; it has been impossible to test upon a large number of mice each one of such a large number of compounds. Much further work, with the use of mice of pure lines, is required to elucidate such questions as the relative carcinoma-producing and sarcoma-producing power of various compounds, the incidence of tumours of the lung and stomach, and the mechanism of production of multiple tumours. In this laboratory we are now making trial of the substitution of C3H for stock mice in such experi ments.
The production of cancer pure hydrocarbons A = p a in t; B = in ject; C = feed; + = adenom a of lung; -j-= large adenom a of lung; • = lung, n e g a tiv e ; P = papillom a of sto m a c h ; E = epitheliom a.
(2) The various histological types of epithelial new growths of the skin of the mouse require further study. All gradations are seen between the purely squamous type and th a t resembling the rodent ulcer of the human skin. At present we cannot define exactly the part played in the production of these various types by the particular compound, or by the individual animal to which it is applied; the remarks in the last column of tables 1-6 suggest many problems of this kind. In an earlier paper (Bachmann et al-1937) we described and figured mixed tumours of the squamous and rodent ulcer types produced in rats by methylcholanthrene, and similar tumours of the ra t produced by 3:4-benzpyrene have been described thus by Oberling, Sannie, M. and P. Guerin (1937) : 'L 'examen histologique de ces cas a montre des faits tres interessants. Les proliferations cellulaires interessent presque electivement F epithelium des follicules pilosebaces et les epitheliomas qui en resultent sont ta n to t du type basocellulaire pur, tan to t du type sebace ou pileux avec 9a et la, des ebauches devolution malpighienne.' The aetiology of the sebaceous adenoma and its relation to carcinogenic agents requires investigation.
(3) The three modes of adm inistration (by painting, injection sub cutem, or feeding) do not give decisive information as to the most effectual method for the production of any particular tumour, because in the two latter some contamination of the fur always occurs; hence inhalation and swallowing cannot be excluded by any of these methods. This consideration affects especially the problem of the experimental production of widespread multiple tumours.
(4) In the present paper the data on the tumours of the lung and stomach and other organs can only be summarized for each compound given; the association together of such tumours in individual mice requires further study.
(5) The 3:4-benzphenanthrene compounds show carcinogenic properties which should be of value in capcer research. They appear to be more active than are the benzanthracenes in the production of multiple tumours, cholangioma, and tumours of the lung, and the 1-and 2-substituted com pounds are more active in regard to tumours of the stomach. There is a considerable difference between the compounds substituted on the 1-, 2-side, and on the 6-, 7-, 8-side of the molecule, the former being in most respects more carcinogenic. Among the 1:2-benzanthracenes, the 5-w-butyl-, 5-w-amyl-, 5-w-hexyl group stand somewhat apart from the others, and resemble the 3:4-benzphenanthrenes, in being associated with a higher incidence of lung adenomas, and multiple tumours, and a deficiency in sarcoma production. All the differences suggested in tables 7-9 require testing in mice of pure lines. This investigation has been supported by generous grants, for which we express our thanks, from the following bodies: The British Empire Cancer Campaign, the International Cancer Research Foundation, the Anna Fuller Fund, and the Finney-Ho well Research Foundation. We are also indebted to the following for gifts of the compounds stated : Professor
